Abstract: Different crystal forms of the C23A mutant from the leader proteinase of foot-and-mouth disease virus were obtained by the hanging drop vapor diffusion technique, using MgCI, and PEG 6000 as precipitants. Well-developed crystals, with cubic morphology growing to approximately 1.0 mm3 in size, presented a large unit cell parameter of 274.5 8, and diffracted to, at most, 5 8, resolution. A second type of crystal had a tetragonal appearance and these were obtained in droplets soaked in a silica gel matrix. These crystals, with an approximate size of 0.3 X 0.3 X 0.7 mm3, diffracted to approximately 4.0 8, resolution, but presented a strong anisotropic mosaicity around the longest crystal axis. Crystals with a needlelike morphology and reaching sizes of about 0.2 X 0.3 X 1.2 mm3 diffracted beyond 3.5 8, resolution and were stable to X-ray radiation for approximately one day when using a conventional source at room temperature. These crystals are orthorhombic with space group I222 (or I2,2,2,) and unit cell dimensions a = 65.9 A, b = 104.3 A, and c = 124.0 A, and appear well suited for high-resolution studies. Density packing considerations are consistent with the presence of two molecules in the asymmetric unit and a solvent content of approximately 54%.
viruses containing such pathogens as poliovirus, foot-and-mouth disease virus (FMDV), and hepatitis A virus (HAV), at least two types of proteinase have been identified. Although different in sequence, both contain a cysteine residue as an active site nucleophile. The first type is related mechanistically to chymotrypsin-like serine proteinases, because the members contain conserved histidine and aspartic or glutamic acid residues and possess a high degree of identity around the active site nucleophile to chymotrypsin. Recently, the three-dimensional structure of two representatives of this class, the 3C proteinases of HAV and human rhinovirus 14, have been solved (Allaire et al., 1994; Matthews et al., 1994) .
The second type of picomaviral proteinases is represented by the Leader (L) proteinase of FMDV. The L proteinase is synthesized as the first protein on the polyprotein and has at least two functions in the viral life cycle. First, it frees itself from the viral polyprotein by cleavage between its own C terminus and the N terminus of VP4. Second, it cleaves itself to the host protein eukaryotic initiation factor 4G (eIF4G, formerly known as p220 or eIF-4), which leads to an inability of the host cell to translate its own capped mRNA. Viral translation is not affected as it initiates internally. Three cleavage sites have been identified for the FMDV L protein; these are between lysine and glycine on the polyprotein and between glycine and arginine at the primary cleavage site of eIF4G. A secondary cleavage on eIF4G is between arginine and glycine (Table 1) . However, except for a preponderance of basic residues, no common cleavage site motif could be deduced by comparing these cleavage sites. Kirchweger et al. (1994) .
Data from Lamphear et al. (1995) .
Mechanistically, the L proteinase is probably related to the papain group of cysteine proteinases, as indicated by the inhibition with E64 (Kleina & Grubman, 1992; Kirchweger et al., 1994) and the presence of a conserved cysteine-tryptophan amino acid pair and a histidine residue. These three residues are essential for proteolytic activity (Piccione et al., 1995; Roberts & Belsham, 1995) . However, no further identity at the sequence level is present. Knowledge of the three-dimensional structure will allow the mechanism of the L proteinase to be compared with that of papain. In addition, the three-dimensional structure will also shed light on the unusual substrate specificity of the L proteinase.
We report here a preliminary X-ray crystallographic analysis of crystals of the Lb form of the L proteinase FMDV serotype 0 1 k obtained from the recombinant mutant C23A, which has been cloned and overexpressed in Escherichia coli (Kirchweger et al., 1994) . This mutation eliminates proteolytic activity because C23 is the active site nucleophile (Ziegler et al., 1995) . Attempts to obtain crystals from the wild-type enzyme failed probably because of heterogeneity introduced by autoproteolysis (data not shown); this problem was solved by use of the mutant. For crystallization, the purification of the C23A mutant was performed as described (Kirchweger et al., 1994; Ziegler et al., 1995) with the following modifications: fractions from the gel filtration column containing C23A mutant were pooled and further purified by high performance hydrophobic interaction chromatography on a FPLC system using a Alkyl Superose HR 10/10 column (Pharmacia LKB, Biotechnology AB, Uppsala, Sweden) and subsequently concentrated to 12 mg/mL by ammonium sulphate precipitation.
The C23A mutant of the L proteinase was crystallized, using the hanging drop vapor diffusion method, in different crystal morphologies. Aliquots of 2 p L of a concentrated protein solution (12 mg/mL in 50 mM NaCI, 50 mM Tris-HCI, pH 7.5, 1 mM EDTA, 5 mM dithiothreitol, and 5% glycerol) were mixed with equal volumes of a reservoir solution. Well-developed crystals with cubic morphology growing to approximately 1.0 mm3 in size were obtained at pH 9 using 2 M MgC1, as precipitant. These crystals appeared within a few hours both at room temperature and at 4 "C. However, all these crystals diffracted to a limiting resolution of approximately 5 A and presented a rapid decay when exposed to X ray. Slower growing conditions and different additives, in particular polyethylene glycol, glycerol, or glutardialdehyde, improved their stability but did not extend the resolution limits any further. The unit cell, characterized using still and oriented oscillation images analyzed with the DENZO package, was consistent with the cubic system and presented a large cell parameter of 274.5
A. These cubic crystals do not appear suitable for high-resolution structure determination studies, but could provide interesting information about molecular packing and interactions. A second crystal form was obtained in droplets inside a silica gel matrix (Cudney et al., 1994) at pH 8.5 and using 15-20% PEG 6000 and 0.6-0.8 M MgCI, as precipitants. Crystals, reaching approximate dimensions of 0.3 X 0.3 X 0.7 mm3, had a tetragonal appearance and diffracted to approximately 4.0-A resolution. However, these crystals presented a strong anisotropic mosaicity, probably due to rotational disorder around the longest crystal axis, and a rapid decay when exposed to X ray. Due to this disorder, the unit cell has not been characterized fully, but it might be related to the crystal form described below.
A third type of crystals, with a needle-like morphology and reaching sizes of approximately 0.2 X 0.3 X 1.2 mm3, was obtained at room temperature, in similar conditions to the tetragonal ones, but without the silica gel matrix. These crystals grew as long thin single needles that usually twinned when becoming thicker. Decreasing the PEG concentrations could almost completely diminish the twinning; however, optimal crystal growth took more than a month. Crystals at low temperature (4 "C) could also be obtained either by decreasing the PEG concentration or by using polyethylene glycols with lower molecular weights. In some cases, crystals with both the cubic and the needlelike morphology appeared simultaneously in the same droplet (data not shown). To grow most of the untwinned crystals used in the diffraction experiments, seeding techniques were used. The seeding was done at room temperature in three steps: direct preparation of droplets, micro-seeding, and then macro-seeding (Ducruix & GiegC, 1992) . Crystals grown according to this protocol are very reproducible and diffract beyond 3.5 8, resolution lasting for one to two days when exposed to X-ray radiation. The space group is I222 (or 12,2,2,) and unit cell parameters are a = 65.9 A, b = 102.3 A, and c = 124.0 A. A data set has been collected at 3.5 8, resolution with an Image Plate (MAR RESEARCH) area detector in a Rigaku X-ray generator with a copper rotating anode operating at 40 kV and 100 mA and a graphite monochromator. Assuming two monomers of Lb proteinase per asymmetric unit, with a molecular mass of about 20,000 daltons, the specific volume (Vm) would be 2.7 A' / dalton, corresponding to an estimated solvent content of 54% (Matthews, 1988) .
For the recombinant Lb proteinase, ionic strength seems critical during the crystallization process. At high salt concentrations, the cubic morphology is favored, whereas at lower salt concentrations, the formation of the orthorhombic crystals is enhanced. Decreasing the temperature seems to decrease the different requirements between the two crystal forms and thus, at 4 "C, it is possible to obtain crystals with both morphologies simultaneously. The orthorhombic crystals appear suited for high-resolution studies of the Lb form of the L proteinase from FMDV. The cubic crystal morphology could provide complementary information on the packing and molecular interactions.
